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From both theory and experiment, scattering of minority electrons is expected to be weaker than 
scattering of majority electrons in both dilute Fe(Cr) alloys and at Fe(Cr)/Cr interfaces.  We show that 
Fe(Cr)/Cr/Fe(Cr) trilayer nanopillars display a normal magnetoresistancei.e., largest resistance at low 
magnetic fields and smallest at high fields, but an inverted current-driven switchingi.e., positive 
current flowing from the fixed to the reversing layer switches the trilayer from higher to lower 
resistance, and negative current switches it from lower to higher.     
 
There is great interest in current-driven magnetic 
switching in nanofabricated ferromagnetic/non-
magnetic/ferromagnetic (F/N/F) trilayers, both to 
understand the underlying physics and for device 
potential.1-24  For simplest switching, one F-layer 
(pinned) is made much thicker (and sometimes with 
larger area) than the other.  An applied dc current then 
reverses only the thinner (and sometimes smaller) F-
layer (free).  In all nanopillars studied so far, minority 
electrons were scattered more strongly than majority 
ones both within the F-layers and at the F/N interfaces.  
In such a case, a positive current flowing in the spacer 
layer from the thick pinned layer to the thin free one is 
positively polarized in the frame of the thick layer (i.e. 
its magnetic moment is parallel to the magnetization of 
the pinned layer).  Large enough positive current was 
then found to cause the free layers magnetic moment 
to rotate anti-parallel (AP) to that of the pinned layer, 
and reversed (negative) current caused it to rotate 
parallel (P).  Because the scattering was the same 
(strongest for minority electrons) within both F-metals 
and at all F/N interfaces, the resistance of the trilayer 
was largest in the AP state at low magnetic fields H 
and smallest in the P state at high H, corresponding to a 
normal magnetoresistance (MR).25  Sufficiently large 
positive current then produced a step increase in 
resistance and sufficiently large negative current a step 
decrease, which, together, we call normal switching. 
  If, however, majority electrons are scattered more 
strongly both within the pinned F-metal layer and at its 
F/N interface, the direction of polarization of the 
exiting current should reversei.e. positive current 
should be negatively spin-polarized.  Published models 
imply that negatively-polarized positive current 
impinging upon the free layer should cause its moment 
to rotate P to that of the pinned layer,1,2  and negative 
current should cause the moment of the free layer to 
rotate AP.  If the two F layers are identical, the field-
driven magnetoresistance (MR) should remain normal, 
with larger resistance in the low field AP-state than in 
the high field P-state.25  However, the current-driven 
switching should invert, in that positive current 
should drive the system from the higher resistance AP 
state to the lower resistance P state, and negative 
current the opposite.  
Together, theory and experiment26-30 indicate that 
both a dilute Fe(Cr) alloy and an Fe(Cr)/Cr interface 
should scatter majority electrons more strongly.  In this 
paper we show that an Fe(Cr)/Cr/Fe(Cr) trilayer 
displays the two behaviors described in the previous 
paragraph, namely a normal MRresistance smallest 
in the high field P-state, but an inverted current-driven 
switchingpositive current drives the system to the 
lower resistance P state and negative to the higher 
resistance AP state 
Magnetic nanopillars of approximately elliptical 
shape and dimensions ~ 70 nm x 130 nm were prepared 
by triode sputtering onto Si substrates.24  The Fe(Cr) 
alloy contained ~ 5 at.% Cr.  The multilayers consisted 
of a thick Cu lower contact, a 30 nm pinned Fe(Cr) 
layer, a 6 nm thick Cr layer, a 3.5 nm thick free 
Fe(Cr) layer, and a thick Au top contact.  To minimize 
dipolar coupling between the Fe(Cr) layers, the sample 
was ion-milled through part of the Cr layer, so as to 
leave the bottom (pinned) Fe(Cr) layer wide.  With this 
geometry, the wide layer switches upon application 
of a relatively small magnetic field, but does not switch 
upon application of a current large enough to switch 
the patterned top (free) Fe(Cr) layer.  Differential 
resistances, dV/dI, were measured with four probes and 
lock-in detection, adding an ac current of ~ 20 µA at 8 
kHz to the dc current I.  H is directed along the easy 
axis of the nanopillar.  
As a comparison standard for our Fe(Cr)/Cr/Fe(Cr) 
data, Fig. 1 shows previously published data [24] for 
dV/dI vs I at H = 50 Oe and dV/dI vs H at I = 0 for 
nanopillars of Py/Cu/Py (Py = Permalloy = Ni84Fe16), 
where positive current was defined the same as in the 
present paper.  The dV/dI vs I data are shown full size, 
and the dV/dI vs H (i.e., MR) data as insets in the top 
center.  The upper curves are for room temperature 
(295K) and the lower ones for 4.2K.  Both the MR and 
dV/dI vs I curves for Py/Cu/Py are normali.e. 
dV/dI is smallest in the high field P state, and positive 
current switches the sample from its low resistance (P) 
state to its high resistance (AP) state, and vice versa for 
negative current.  In the MR curves at both 
temperatures, the transitions from the P to AP states 
occur only after the magnetic field passes through zero, 
consistent with weak magnetic coupling.    
Fig. 2 shows our new data for Fe(Cr)/Cr/Fe(Cr) 
trilayers.  The changes in dV/dI vs I or H for 
Fe(Cr)/Cr/Fe(Cr) are considerably smaller than those 
for Py/Cu/Py, but still visible.  As expected, the MR 
curves at I = 0 are still normali.e., smallest in the P 
state.  And, similarly to Py/Cu/Py, the MR transitions 
from the P to AP states appear only after the magnetic 
field passes through zero.  In contrast to the similar MR 
curves in Figs. 1 and 2, the dV/dI vs I curves for the 
Fe(Cr)/Cr/Fe(Cr) samples behave oppositely to those 
for Py/Cu/Py.  Positive I switches the Fe(Cr) free layer 
from the high resistance AP to the low resistance P 
state, and negative I switches it from the P to AP state.  
The dV/dI vs I curves for Fe(Cr)/Cr/Fe(Cr) are 
inverted from the normal behavior for Py/Cu/Py.  In 
all cases in both Fig. 1 and Fig. 2, the agreement 
between the minimum and maximum values of dV/dI, 
together with almost single step switching (e.g., at 11 
and + 6 ma at 4.2K), show that the current-driven 
switching is complete.  Normal MRs and inverted 
current-driven switching were also seen in other 
Fe(Cr)/Cr/Fe(Cr) samples. 
We also checked that similar results were obtained 
for the MR with I ≠ 0 and for dV/dI vs I for H ≠ 0.  Fig. 
3 shows how dV/dI vs H and dV/dI vs I change at 4.2K 
for the same Fe(Cr)/Cr/Fe(Cr) trilayer when we vary H 
at fixed I (Fig. 3a) and I at fixed H (Fig. 3b).  In part 
because the jumps in dV/dI are small, the switching is 
irregular and often partial.  But all dV/dI vs H 
switching seen is normal, and all dV/dI vs I switching 
seen (both hysteretic and reversible) is inverted.  
Asymmetry in H is presumably due to a combination of 
the self-Oersted field and sample shape asymmetry.   
To summarize, we have shown that 
Fe(Cr)/Cr/Fe(Cr) trilayers give normal MRsmallest 
 Py/Cu/Py 
 
Fig. 1.  Py/Cu/Py data at 295K and 4.2K showing 
normal switching for dV/dI vs I at H = 50 Oe (main 
figures) and also for dV/dI vs H at I = 0 (insets). (From 
Urazhdin et al.24). 
 
Fe(Cr)/Cr/Fe(Cr) 
Fig. 2. Fe(Cr)/Cr/Fe(Cr) data at 295K and 4.2K 
showing inverted switching for dV/dI vs I at H = 0 
(main figures) but normal dV/dI vs H at I = 0 (insets).  
 
dV/dI vs H at high fields when the magnetizations of 
the two Fe(Cr) layers are aligned parallel (P) to each 
other, but inverted dV/dI vs Ilarge positive current 
causes switching from the AP to the parallel (P) state 
and large negative current causes switching from the P 
to the AP state. 
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Fig. 3. Fe(Cr)/Cr/Fe(Cr) data at 4.2K showing: (a) normal
MR for dV/dI vs H at various I, but (b) inverted switching
for dV/dI vs I at various H.  Curves in (a) for I ≠ 0 and in 
(b) for H ≠ 0 are shifted vertically for clarity.   
 
